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Telomerase Inhibitor I 

Cat. No. 581000 



Size 

10 mg 



Synonym: 
Description: 



Form: 



2,6-Bis[3-[(2-hydroxymethyl)-N-methylpiperidino]propionaiTiido]- 
anthracene-9,10-dione, Diiodide 

A non-nucleoside 2,6-diamidoanthraquinone analog that appears to 
function as a low molecular weight mimic of K + in stabilizing the 
G-quadruplex folded structure, thus inhibiting telomerase activity (IC50 = 
23 nM for human telomerase). 

Brown-orange solid 



Molecular Weight: 860.6 
Molecular Formula: C34H46I2N4O6 
Structure: 




r3P 



Purity: >85% by HPLC 

Solubility: DMSO (200 mg/ml) 

Storage: Freezer (-20°C). Protect from light. Following reconstitution aliquot and 

freeze (-20°C). This product is stable for 3 years as supplied. Stock 
solutions are stable for up to 3 months at -20°C. 

Toxicity: MSDS available upon request. 

Reference: Sun, D.,etal. 1997. J.Med.Chem. 40,2113. 

FOR RESEARCH USE ONLY. NOT FOR HUMAN OR DRUG USE. 



Germany USA & Canada United Kingdom* 

Tel 0800 6931 000 Tel (800) 628-8470 Tel 0115 9430 840 

E-mail address for technical inquiries: technical@calbiochem.com 
Find our current product data sheets on the web: http://www.calbiochem.com 
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Telomerase Inhibitor II 

Cat. No. 581002 



Size 

50 nmol 



Synonym: 
Description: 



Form: 

Molecular Weight: 

Sequence: 

Purity: 

Solubility: 

Storage: 



MI-2 

An antisense oligonucleotide that covers the template region of mouse 
telomerase RNA gene efficiently and inhibits telomerase activity at 
concentrations of less than 
5[iM. 

Lyophilized solid. Packaged under an inert gas. 
5700 

5'-d(ATGAAAATCAGGGTTAGG)-3' 

>90% by HPLC 

H 2 0 

Deep-freeze (-70°C). Protect from light. Hygroscopic. This product is 
stable for 3 years as supplied. 



Toxicity: MSDS available upon request. 

Reference: Blasco, M.A., et al. 1995. Science 269, 1267. 

FOR RESEARCH USE ONLY. NOT FOR HUMAN OR DRUG USE. 



Germany 
Tel 0800 6931 000 



USA & Canada 

Tel (800) 628-8470 



United Kingdom 
Tel 0115 9430 840 



E-mail address for technical inquiries: technical@caIbiochem.com 
Find our current product data sheets on the web: http://www.calbiochem.com 



Revised: 26-August-99 




Telomerase Inhibitor 

Cat. No. 581004 



Size 

150 nmol 



Synonym: TAG-6 

Description: A short hexameric phosphorothioate oligonucleotide (PS-ODN) telomer 

mimic that inhibits telomerase activity in cell lysates and lengthens cell 
doubling time in vitro and in vivo at concentrations of less than 2.5 (iM. 

Form: Lyophilized solid. Packaged under an inert gas. 

Sequence: 5'-d(TTAGGG)-3' 

Solubility: H 2 0 

Storage: Deep-freeze (-70°C). Protect from light. Hygroscopic. This product is 

stable for 3 years as supplied. 

Toxicity: MSDS available upon request. 

Reference: Mata, J.E., et al. 1997. Toxicol. Appl. Pharmacol. 144, 189. 

FOR RESEARCH USE ONLY. NOT FOR HUMAN OR DRUG USE. 



Germany USA & Canada United Kingdom 

Tel 0800 6931 000 Tel (800) 628-8470 Tel 0115 9430 840 

E-mail address for technical inquiries: technical@calbiochem.com 
Find our current product data sheets on the web: http://vwvw.calbiochem.com 
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PIPER 

Cat. No. 528120 



Size 

10 mg 



Synonyms: 
Description: 



Form: 

Molecular Weight: 



N.N'-b/sp-O-Piperidino^ 
Telomerase Inhibitor IV 

A perylene-based ligand that potently inhibits human telomerase by 
binding to G-quadmplex DNA. The strongest binding site for PIPER 
appears to be the 3'-boundary of the G-quadruplex. Can also bind non- 
specifically to nucleic acids. May be useful as an antiproliferative agent. 

Dark purple solid. Packaged under an inert gas. 

614.7 



Molecular Formula: C38H38N4O4 



Structure: 



Q /=\ =v 




Purity: 

Solubility: 

Storage: 

Toxicity: 
Reference: 



-N 

>95% by HPLC 

5% Acetic acid (50 mg/ml) 

Freezer (-20°C). Protect from light. This product is stable for 3 years as 
supplied. 

MSDS available upon request. 
Fedoroff, O.Y., et al. 1998. Biochemistry 37, 12367. 
FOR RESEARCH USE ONLY. NOT FOR HUMAN OR DRUG USE. 
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CALBIOCHEM' 



Telomerase Inhibitor V 

Cat. No. 581005 



Size 

10 mg 



Synonym: 
Description: 



2,6-b/s[3-(N-Piperidino)propionamido]anthracene-9 J 10-dione 

A non-nucleoside 2,6-diaminoanthraquinone derivative that intercalates 
DNA and forms a discrete binary complex with G-quadruplex structures, 
resulting in telomerase inhibition (IC 50 = 4.5 Does not inhibit Taq 
polymerase even at concentrations of 50 jaM. A potential anticancer 
agent that does not exhibit significant mutagenic activity. 



Form: 

Molecular Weight: 
Molecular Formula: C 3 oH3 6 N 4 04 
Structure: 



Yellow-brown solid. Packaged under an inert gas. 
516.6 




o 



Purity: 

Solubility: 

Storage: 

Toxicity: 
References: 



>85% by HPLC 

2% Acetic acid (10 mg/ml) 

Freezer (-20°C). Protect from light. Hygroscopic. This product is stable 
for 2 years as supplied. 

MSDS available upon request 

Perry, P.J. ,etal. 1998. J. Med. Chem. 41,3253. 
Venitt, S., etal. 1998. J. Med. Chem. 41,3748. 
Agbandje, M., et al. 1992. J. Med. Chem. 35,1418. 
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Telomerase Inhibitor VI, Sodium Salt 

Cat. No. 581006 



Size 

100 nmol 



Synonyms: 
Description: 

Form: 

Molecular Weight: 

Sequence: 

Purity: 

Solubility: 

Storage: 

Toxicity: 
References: 



2-O-MeRNA; 5'-2'OMe[C(ps)A(ps)GUUAGGGUU(ps)A(ps)G]-3* 

A 13-nucleotide 2'-0-MeRNA possessing terminal phosphorothioate 
linkages. Potently inhibits telomerase activity (IC 50 = 2 nM at 23°C and 3 
nM at 37°C). 

Lyophilized solid. Packaged under an inert gas. 
4691.8 

S'-ZOMeiCCpsMpsJGUUAGGGUUtesWpsJG]-^ 

> 90% by PAGE and HPLC 

H 2 0 

Deep freeze (-70°C). Hygroscopic. Protect from light. This product is 
stable for 2 years as supplied. 

MSDS available upon request. 

Herbert, B.-S., et al. 1999. Proc. Natl. Acad. Sci. USA 96, 
14276. 

Pitts, A.E., and Corey, D.R. 1998. Proa Natl. Acad. Sci. USA 

95, 11549. 
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CALBIOCHEM® 



Telomerase Inhibitor VII, Sodium Salt 

Cat. No. 581009 



Size 

75 nmol 



Synonym: 
Description: 

Form: 

Molecular Weight: 
Purity: 
Solubility: 
Storage: 

Toxicity: 
Reference: 



TAG9-2-; 5'-d(GGG~GGG)-3' , 

A hexameric phosphorothioate oligonucleotide (PS-ODN) TAG9-2- 
(wherein a pair of three-base oligomers are separated by a nine carbon 
spacer) that inhibits telomerase activity in vitro 

(Minimum inhibitory concentration = 1- 3 pM). Note: 75 nmol = 174 pg. 
Lyophilized solid. Packaged under an inert gas. 
2321 .5 

>90% by PAGE 
H 2 0 

Deep-freeze (-70°C). Protect from light. Hygroscopic. Following 
reconstitution, aliquot and freeze (-70°C). This product is stable for 3 
years as supplied. Stock solutions are stable for 6 months at -70°C. 

MSDS available upon request. 

Page, T.J. , etal. 1999. Exp. Cell Res. 252,41. 
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The Cytotoxic Effects of Single-Stranded Telomere 
Mimics on OMA-BL1 Cells 

Todd J. Page * t John E. Mata,**$ Julia A. Bridget Justin C. Siebler,* 
James R. Neff, 1 and Patrick L. Iversen*'tf 11 

^Department of Pharmacology, fThe Eppley Cancer Center, ^Department of Pathology and Microbiology, and ^Department of Orthopaedic 
Surgery, University of Nebraska Medical Center, 600 S. 42nd Street, Omaha, Nebraska 68198-6260; 
and %AVI BioPharma, 4575 Research Way, Suite 200, Corvallis, Oregon 97333 
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Telomerase is a ribonucleoprotein that adds 5'-d(T- 
TAGGG)-3' hexameric repeats onto the 3' ends of chro- 
mosomes. High telomerase activity has been associ- 
ated with immortal cells, transformed cells, mitogenic 
stimulation, and proliferative diseases. It is not clear 
what phenotype would be observed by transient inhi- 
bition of telomerase. Studies were designed to inhibit 
telomerase activity using a series of S-ODN telomere 
seep r..ze motifs. The studies evaluated the length, hy- 
dro^-yn bonding, and sequence requirements of telom- 
erase inhibition using the TRAP assay and a bioassay 
measuring cell viability following exposure to the 
compounds. In addition, we have also studied the role 
of the 3' end and secondary structure of telomere mim- 
ics on telomerase inhibition. Observations reveal that 
sensitivity to the S-ODNs may not require hybridiza- 
tion to an antisense target but required guanine nu- 
deof itlos on the 3' end for cells in culture and telom- 
erase ibition in vitro. The importance of H bonding 
Rnd the requirement for a free 3' end for the activity of 
■ ; tltOHo compounds has also been demonstrated. How- 
^ §V©r» transient inhibition of telomerase is not cyto- 
|£ toxic to nil immortal cells and is not sufficient to ex- 
||^jPl&ln the mechanism of cytotoxicity of these short 

^ Oligonucleotides. © 1999 Academic Press 

Words: phosphorothioate oligonucleotide; telo- 
WWHtP} telomerase inhibitor; lymphoma; sarcoma; drug 



INTRODUCTION 



Je? ° f cllromosomes > known as telomeres, are 
i^w?tr y tandein hexameric repeats of the se- 
fe^°^^AGGG)-3\ The telomerase enzyme is a 

&° tGi ^ that can add these hexaineric re " 
§|^ e 3' ends of telomeres. The telomere has 



^apondence and reprint requests should be ad- 
fcm^*™*' 4575 SW Research Way, Suite 200, 
Fax: < 54 D 754-3545. E-mail: piversen® 



been proposed to act as a "mitotic clock," shortening 
with each round of cell division until it reaches a min- 
imum critical length causing the cellular senescence 
[1]. Up-regulation of telomerase activity reverses the 
telomere-shortening phenomenon resulting in an ex- 
tended mitotic clock and is important in maintaining 
an immortal phenotype [2]. Telomerase activity has 
been detected in 98% of immortal cell lines and 95% of 
biopsy tumor tissue [3]. In contrast to tumor cells 
which express high levels of telomerase, normal adult 
somatic tissue has very low, if any, telomerase activity 
[4, 5]. The telomerase enzyme is induced in cells fol- 
lowing exposure to phorbol esters, UV light, and HPV 
[6-8], The retroviral-mediated expression of hTERT, 
the catalytic subunit of human telomerase, in normal 
human fibroblasts resulted in elongated telomeres and 
extended life span [9, 10]. The results of these experi- 
ments, taken as a whole, suggest a role for telomerase 
in the transformation process and that transient inhi- 
bition of telomerase might cause a change in the phe- 
notype of the cell or cell death. 

Telomerase inhibition as a possible therapeutic mo- 
dality is being pursued through a variety of technolo- 
gies including ribozymes, antisense, arid traditional 
drug and natural product screening [11-14]. However, 
the telomerase knockout mouse was surprising in its 
lack of phenotype in early generations [15]. Therefore, 
these studies were designed to investigate the strong 
correlation between telomerase inhibition and observ- 
able effect. 

We have shown previously using the telomere repeat 
amplification protocol (TRAP) assay that a short phos- 
phorothioate oligodeoxynucleotide (S-ODN) telomere 
sequence motif composed of the sequence, 5'-d(T- 
TAGGG)-3\ referred to as TAG-6 can inhibit telomer- 
ase activity in vitro [16]. This same compound was 
found to have antiproliferative effects in vitro and in 
vivo against a Burkitt's lymphoma cell line and xeno- 
graphy in nu/nu C57 Black mice. These observations 
have led us to design the current studies to define some 
of the elements that are important for inhibition of 
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PAGE ET AL. 



telomerase and decreased cell viability in immortal 
telomerase positive cells with S-ODN telomere mimics. 

MATERIALS AND METHODS 

■Cell culture. OMA-BLl cells are derived from a Burkitt's lym- 
phoma and were established and characterized by Joshi et al (17j. 
Cell lines and primary cultures were maintained in RPMI 1640 
medium (Sigma, St. Louis, MO), supplemented with 10% heat-inac- 
tivated fetal bovine serum (Gibco, Grand Island, NY), penicillin G 
(50 units/ml), and streptomycin (50 jug/ml) (Sigma). The cells were 
subcultured at 3- to 4-day intervals to a density of 1 X 10 6 cells/ml in 
a 75-cm 2 flask containing 30 ml of medium and incubated at 37°C in 
a humidified atmosphere of 95% air, 5% C0 2 . Primary cultures were 
maintained for one to two passages before viability was determined. 

Oligonucleotide synthesis and purification. The ODNs were syn- 
thesized on a 1-^.mol scale with an Applied Biosystems Model 391 
DNA synthesizer using the recommended protocols for synthesis of 
PS ODNs. The 3' glycerol S-ODN was synthesized using a commer- 
cially available CPG column with the glycerol molecule preattached 
(Glen Research, Sterling, WV). The 18-mer-containing 7-deaza-2'- 
deoxyguanosine at positions 5 and 17, 5 ' -d(TTAGGGTTAGGGT- 
TAGGG)-3' (bolded G's represent the 7 deaza sites) was synthesized 
using the 7-deaza-dG-CE phosphoramidite (Glen Research). The 
Spacer phosphoramidite 9 (Glen Research) was used to produce the 
5'-d(GGG~GGG)-3' (TAG 9-2-) and 5'-d(TTA~TTA)-3' (TAG 9-l~) 
molecules. S-ODNs containing abasic sites were synthesized using 
the dSpacer Phosphoramidite (Glen Research). The glyoxalated TAG 
9-2, 5'-d(GGGTTAGGG)-3', and TAG 9-1, 5 ' -(TTAGGGTTA)-3 ' , were 
glyoxalated according to the method of Birnboim and Mitchel [18]. 
Glyoxalation was verified using spectroflouroscopy [19]. The random 
S-ODNs were synthesized by mixing equimolar aliquots of all four 
nucleotides together and using that bottle as the amidite mix for the 
base that we chose to randomize. 

Cell viability assays. The cell viability assay was modified from a 
method by Watanabe et al. based on the reduction of MTT (3 4 5- 
dimethylthiazol-2,5-diphenyl tetrazolium bromide, Sigma) by mito- 
chondrial dehydrogenase in viable cells to a formazan product that 
can be measured spectrophotometrically [20]. Viability assays were 
carried out in 96-well plates with the addition of 100 ^1 of medium 
containing 3000 cells into each well. Ten microliters of medium 
containing ODNs were added to the wells for final concentrations of 
0.3, 1, 3, and 10 M M. The plates were incubated for 72 h and then 
lysed using 0.04 N HC1 in isopropanol. The absorbance was mea- 
sured at 540 nm on a 96-well microplate reader. The EC 50 for each 
compound was determined using Graphpad/Prism software. 

Randomization of single bases in S-ODNs. Bases were random- 
lzed by combining the phosphoramidites in equimolar amounts of all 
four nucleotides into a single bottle and synthesizing the S-ODNs 
with one randomized base by drawing from that bottle position on 
the synthesizer. Data are expressed as the percentage of viable cells 
compared to untreated cells. The percentage of viable cells was 
calculated by dividing the average absorbance at 540 nm (A 540 ) of 
treated cells with the A 5 <° of untreated cells in each viability assay 
Cells were seeded in 96-well plates at a density of 3000 cells/100 M l 
of medium. ODNs were added at a concentration of 10 jllM Cultures 
were incubated at 37°C for 72 h. MTT assays were then performed as 
described on the cultures in triplicate and these data were analyzed 
using Graphpad/Prism software. 

TRAP assay. The TRAP assays were performed using a telomer- 
ase detection kit (Oncor, Gaithersburg, MD). Cell lysates were pre- 
pared from OMA-BL-1 cells according to the recommended procedure 
and were flash frozen in liquid nitrogen and stored at -70°C until 
use. Two microliters of lysates was used for each TRAP reaction 
containing 3 ng protein/^ along with 3 /*1 of S-ODN or control 
solubon. Forty-five microliters of the TRAP assay PCR mix, contain- 



TABLE 1 

Effect of Length of Telomere Mimic on Cytotoxicity in 
OMA-BLl Cells in Culture 



S-ODN sequence (5-3') 

G° 

GG 

GGG 

GGGG 

TTAG 

TTAGG 

TTAGGG 

TTAGGGT 

TTAGGGTT 

TTAGGGTTA 

GGGTTAGGG 

TTAGGGTTAG 

TTAGGGTTAGG 



EC 50 (mM) 



13.36 ± 2.16 
12.14 ± 2.00 
15.59 ± 3,12 
2.83 ± 0.18 

>20 

>20 
2.00 ± 0.20 

>20 

>20 
12.13 ± 1.61 
2.94 ± 0.22 
6.54 ± 3.96 
13.21 ± 1.69 



' Phosphorothioate guanosine triphosphate deoxyribonuclei. 



c aci 



ing P-labeled TS primer, was then added to each tube. The tub 
were incubated for 30 min at 30°C. Two-step PCR was then pc 
formed on the tubes (94°C/30 s, 60°C/30 s for 30 cycles) The PC 
products were then run on a 12.5% nondenaturing PAGE in TE 

.J" Jxf !S l8 WGre ™ for 3 h at 300 V ' The Seh were then fix, 
in 0.5 M NaCl, 50% ethanol, 40 mM, sodium acetate (pH 5.5), for 1 
min and then exposed without drying to storage phosphor screei 
and visualized on a Phosphorlmager using ImageQuant analys 
software (Molecular Dynamics, Sunnyvale, CA). 

Polymerase chain reaction. PCR reactions were performed wit 
1.25 units of Tag polymerase (Promega) according to manufacture) 
protocols to amplify the pUCl9 plasmid using Lac+/- primers Tl 
mdicated amount of oligonucleotide was also added to each reactioi 
The reaction was heated to 98°C for 2 min. 25 PCR cycles were the 
performed (1 mm at 94°C/30 s at 42°C/2 min at 72°C) The PC 
products were visualized under UV light following electrophoresis o 
a 1% agarose, lx TBE gel containing ethidium bromide. 

Statistical analysis. Statistical analysis was done by performin 
one-way analysis of variance and Tukey's multiple comparison tesi 
ine hCso for each compound was determined by nonlinear regra 
sion. All analysis was done using GraphPad/Prism software v.2 • 
xyyo. ^ 



RESULTS 

Length of telomere mimics effect cytotoxicity in OMA 
BL1 cells. To study the length requirements of th« 
telomere mimic sequences we tested a matrix of com- 
pounds with length 1-24 bases which contain the telo 
mere sequence repeat motif. PS-ODN concentration' 
above 10 inhibit cell growth in a non-sequence- 
specific manner. Therefore, we have considered oli- 
gomers which have EC 50 values above 10 ixM. to be 
noncytotoxic relative to those oligomers with sequence- 
specific toxicity. The longer TAG sequences tended to 
show lower EC 50 values than the shorter compounds 
(Table 1). We also observed that the exceptionally ef- 
fective smaller oligonucleotides all contain three to 
four guanines at the 3' end with the exception -.f the 
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TABLE 2 

Comparison of Telomerase Inhibition 
and Cytotoxicity i MTT Assay) 



^-ODN sequence (5'-3') 



Cytotoxicity EC.- l0 
t/xM) u = 4 



(MIC) 
telomerase 
inhibition (ptM) 



GGGTTAGGG 
GGTTAGGGT 
GTTAGGGTT 
TTAGGGTTA 
TAGGGTTAG 
AGGGTTAGG 
GGG-GGG (TAG'9-2-) 
GGGGGG (TAG 9-2') 



2.93 ± 0.22 
13.63 ± 2.97 
3.67 ± 0.32 
12.13 ± 1.61 
12.70 ± 1.63 
4.36 ± 0.60 
2.13 ± 0.13 
1.67 ± 0.14 



0.3 
0.3 
3-10 
3-10 
1-3 
3-10 
1-3 
1-3 



Ht/.Ot 

v.i\r.\ : 



■:*;;?.se S-ODN which contained two guanines at the 3' 
end. Further, we observed an inconsistent dose-re- 
sponse curve with the 18- and 24-base sequences [5'- 
d(TTAGGGTTAGGGTTAGG)-3' and 5'-d(TTAGGGT- 
TAGGGTTAGGGTTAQGG)-3 ' , respectively], possibly 
due to formation of secondary structures. We found 
that there was no advantage to the longer molecules 
and we considered the exclusion of possible interac- 
tions with mRNA through hydrogen bonding impor- 
tr. in establishing mechanism of action. Therefore, 
wo cuose to study 9-base telomere mimics which allow 
us to vary the sequence and retain one complete telo- 
mere motif but which would not be expected to form 
stable duplexes with complementary sequences. 

The frame of the telomere mimic within the S-ODN 
affects cytotoxicity and TRAP inhibition. Based on 
(.ho results of Table 1 a series of S-ODNs were synthe- 
in which the telomere motif is shifted 1 base for 
and again tested for antiproliferative ef- 
fects with OMA-BL1 cells and for their ability to in- 
hibit telomerase in vitro (Table 2). These experiments 
nhowocl that the 5 ' -d( GGGTTAGGG)-3 ' (TAG 9-2) ex- 
hibited significantly greater efficacy than the other 9 
mors. There is no clear pattern to the preference for 
ivrt.nm sequences though the cytotoxic response was 
dourly dependent on which frame the telomeric se- 
quoneos wore presented in. The results of the telomer- 
W^ x a * s:, .Y wo-ro interesting in that there was no corre- 
* "laUon hot w t - on those frames which inhibited the TRAP 
_ . iUui cytotoxicity with the exception of TAG 9-2 
^ fts cytotoxic and inhibited TRAP and 5'-d(T- 
^»yvTTA)-3' (TAG 9-1) which was not cytotoxic and 
*P0t inhibit TRAP. Further studies employ the TAG 
"slfl 1 * 0 inactive control since it appears to have no 
pneant effect on the growth of OMA-BL1 cells in 

S(>li]rtvd bases and position in sequence. To 
*JJ :™r ^ importance of each base in the TAG 9-2 
" s were synthesized, each having one 
pPPmized. 0nl y the first six bases were random- 




ized because the importance of the gi. -nine moiif at i he 
3' end had already been established by previous exper- 
iments. When OMA-BL1 cells were treated with these 
compounds, a clear pattern emerged (Fig. 1). When 
bases 1, 2, or 3 were randomized the S-ODNs were 
inactive while randomization of bases 4, 5, or 6 pro- 
duced S-ODNs which remained cytotoxic. 

Effects of spacer molecules in S-ODNs. Based on 
the results of the previous experiment it was hypothe- 
sized that bases 4, 5, and 6, the TTA portion of TAG 
9-2, could be replaced with a spacer molecule, without 
decreasing its efficacy. The TTA portion of TAG 9-2 and 
the GGG centered in TAG 9-1 were replaced with a 
commercially available nine-carbon spacer molecule 
denoted with an approximation symbol. The S-ODNs 
contain a pair of three-base oligomers separated by the 
nine-carbon spacer and were synthesized with the se- 
quences 5'-d(GGG-GGG)-3' (TAG 9-2-) and 5'- 
d(TTA.~TTA)-3' (TAG 9-1- ). When OMA-BL-1 cells 
were treated with TAG 9-2-, a decrease in the cell 
viability was observed when compared with the normal 
TAG 9-2 S-ODN (Table 2). The TAG 9-1 spacer S-ODN 
did not show any significant effects on the viability of 
OMA-BL-1 cells (data not shown). 

In addition to the nine-carbon spacer an abasic site 
spacer was also used to replace the 5'-TTA-3' portion of 
TAG 9-2. The abasic site is a deoxyribose sugar without 
a base, with a sulfur atom replacing one of the non- 
bridging oxygen atoms in the phosphodiester bond, 
making it a phosphorothioate. We denote the presence 
of this spacer with a caret. This spacer was used to 
determine whether or not the increased efficacy seen 
with the TAG 9-2- S-ODN was due to an intrinsic 
property of the nine-carbon spacer or if it was merely 



XGGTTAGGG 
GXGTTAGGG 
GGXTTAGGG 
GGGXTAGGG 
GGGTXAGGG 
GGGTTXGGG 
GGGTTAGGG 




100 



% Viable Cells 



FIG. 1. Effect of replacing specific bases with random bases on 
the cytotoxicity of TAG 9-2 on OMA-BL1 cells. The *-axis is cell 
viability as measured by the MTT assay; they-axis is the modifica- 
tion of each oligomer with X denoting the randomized base. Cells 
were seeded in 96-well plates at a density of 3000 cells/100 /nl of 
medium and incubated at 37°C for 72 h; n = 4 for all concentrations 
tested. 
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0.00 J— 



Concentration (uM) 



cytotoxicity of TAG 9-2 on Butl,s ThT ( ~> ° n the 

as measured by the MTT assawho The ,-axis is cell viability 

were seeded in 96-wef plates ^T^^ d ° se ° f S-ODN. Cells 
medium and incubated at 3TC for 72 * f f 3 °°° Ce " s/10 ° ^ of 
tested. (■) Untreated cells (•) eel J? ? J f a " conc »f a tions 
treated with TAG 9-2- ?J?n? n 6ated Wlth TAG 9-2", (A) cells 
ues which are i^^yt&IV^^ W " h TAG *Va t 
(P < 0.01). ^ anUy dlfferent from untreated and control cells 



1r y r neric s *>— 

TAG 9-2- lt wiS^SSS t ?AG?? AG9 - 2 " and 

bally equivalent to TAG 9 2^ tiii £ ? W3S essen " 
this experiment TAG 9 r with /if ?£ In Parallel with 
deotides in the middle of th. ! ^ gUanine nu ' 
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tion and emission spectra that Q n„ s -*vat 
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FIG. 3. Effect of partially blocking hydrogen bonding on the 
C v ■!oxicity of TAG 9-2 on OMA-BL1 cells. They-axis is cell viability 
a.s : .':oasured by the MTT assay; thex-axis is the dose of S-ODN. Cells 
were seeded in 96-well plates at a density of 3000 cells/100 /xl of 
medium and incubated at 37°C for 72 h; n = 3 for all concentrations 
tested. O) Untreated cells, (A) cells treated with TAG 9-2 glyox- 
alated, and (▼) cells treated with TAG 9-2. *Values which are sig- 
nificantly different from untreated and glyoxalated TAG 9-2-treated 
cells (P < 0.05). 



the way these TAG compounds interact with the telom- 
ere. - iizyme [21]. To test this hypothesis two guanine 
nucleotides that contain a deaza group at the G-7 po- 
sition were incorporated into the TAG 18 S-ODN at 
position 5 and 17 during synthesis (see Materials and 
Methods). The location of the deaza group (G-7) steri- 
cully blocks the formation of a variety of secondary 
structures. The TAG 18 S-ODN was used for these 
experiments because the longer telomere mimics are 
more likely to form higher order structures. When 
OMA cells were treated with the TAG 18 

7-iIim/.. . ovnpounds an increased cytotoxic effect was 
observed than for cells treated with the normal TAG 18 
. (Fig. 5). 

Inhibition of telomerase enzyme activity in vitro with 
S'QDNs. A series of TRAP assays was performed on 
"modified TAG 9-2 S-ODNs (Fig. 6). S-ODNs can inhibit 
f ^ number of polymerases in a non-sequence-specific 
ptmnnor at concentrations of 3 to 10 jllM so each oli- 
* ■•ROmor \v:k. .. valuated for inhibition of Taq polymerase 
^Wpiificaiu:;: of plasmid DNA which is shown in the 
am of Fig. e. The S-ODNs which were capable of 
rogen bonding and which have a 3'- G present were 
KV 1 inhibitin S TRAP at 0.1 but failed to 
xwI Qq P ol ymerase at up to 3 juM. The S-ODNs in 
ilr e f end was modified with a glycerol or in the 

ffif^ TAG 9 " 2 no lon S er inhibited TRAP effi ~ 
» 'i AG 9-1 did not inhibit the TRAP until 10 /xM 

|| t : y concentration that phosphorothioate oli- 

* wi 'l inhibit the reaction in a non-se- 

$Q<?Uic manner. These data suggest that the 

gp^sent a free 3' end and the ability to hy- 



drogen bond arc import:- at to the m\ chanism of action 
of the TAG compounds both as cytotoxic agents and as 
teiomeraso inhibitors. 

DISCUSSION 

Since the discovery that telomerase activity is highly 
associated with many disease states it has been a goal 
of researchers to develop molecules that are capable of 
inhibiting this enzyme [22-27]. Telomerase inhibitors 
have been proposed for use as anticancer therapeutics 
[14, 28], Short oligomers have been shown to be capa- 
ble of inhibiting telomerase in vitro and have been 
tested in vivo for their antineoplastic and antimeta- 
static properties [12, 16]. 

The length studies presented demonstrate that al- 
though the longer oligomers form more stable hybrid 
duplexes, their ability to illicit a cytotoxic response is 
not dependent on the length. Single-stranded telomeric 
probes of sufficient length can form hairpin duplex, 
triplex, and quadruple helical structures through G:G 
pairing for which specific protein complexes are asso- 
ciated [29-35]. The G:G pairing may result in aggre- 
gation or DNA:protein complexes which prevent access 
to the site of action. The fact that the length of the 
telomere mimic did not confer an advantage over the 
short oligomers leads to the hypothesis that the cyto- 
toxic effects were due to aptameric effects of the telo- 
meric sequence. The 5'-d(GGGG)-3' molecule, al- 
though not as cytotoxic as some of the telomere mimics, 
showed considerable effect supporting the hypothesis 
that the G-motif is an important component to the 
cytotoxicity of telomere mimics. 
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FIG. 4. Effect of sterically blocking the 3' end of TAG 9-2 with 
glycerol on its cytotoxicity on OMA-BL1 cells. The y-axis is cell 
viability as measured by the MTT assay; the x-axis is the dose of 
S-ODN. Cells were seeded in 96-well plates at a density of 3000 
cells/100 /llI of medium and incubated at 37°C for 72 h; n = 3 for all 
concentrations tested. (■) Untreated cells,.* A) cells treated with TAG 
9-2 3' glycerol, and (▼) cells treated with TAG 9-2. *Values which are 
significantly different from untreated cells (P < 0.05). 
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istered to nude mice bearing a human Burkitt's lym- 
phoma tumor revealed that the S-ODNs were excreted 
ii; ne as six-base DNA-conjugated ladders, hence 
the hypothesis that the oligonucleotide telomere mim- 
ics act as competitive substrates in the telomerase 
complex. Studies presented here modified the 3' end by 
conjugating it with glycerol which would prevent enzy- 
matic telomere additions to the oligonucleotide. The 3' 
glycerol modification ablated both cytotoxicity and in- 
hibition of telomerase consistent with our hypothesis. 

Several strategies were employed to block sites on 
the TAG 9-2 molecule to better understand which con- 
tact points are important to the cytotoxic effects. The 
decrease in efficacy by treating the S-ODN with glyoxal 
Suggests that H bonding is one component of the cyto- 
toxic mechanism. Since the glyoxylation reaction does 
not produce a completely glyoxylated product it is 
likely that inhibition of the cytotoxic response was not 
7 complete due to unglyoxylated S-ODN remaining in 
Stho product. These data do, however, support the hy- 
^^ 1CHis tilat the mechanism of action involves hydro- 
rgpn bonding with the bases. The blocking of the 3' end 
|^0f the molecule with glycerol reduces the toxicity sug- 
v- ^ tnat tne f ree 3' end is an important component 
Ipi 0 res P° ns e in OMA-BLl cells. 
tf||^^ ox iaty varies among several cell types tested 
^MA-BLl cells exhibiting a sensitivity not found 
|,- Other Burkitt's lymphoma-derived cell lines. 
|?:^ ot surprising since cellular interactions with 

"fv"fm ti(les llave been snown to be cel1 typ e s P e " 

H j The sequence-specific cytotoxic effects of the 
||^imics may be due to enhanced uptake by 
^Jlular compartments and/or binding to recep- 
a M? xns w hich lead to cell death. The data 
the established cell lines and primary 
jsjpiSSv ^ at w hile sensitivity varies, many cell 
^Jtive to these short oligomers. 



The ability of TRAP inhibition to predict cytotoxicity 
in OMA-BLl cells correlates well for the modified TAG 
9-2 S-ODNs; however, the other S-ODN data clearly 
demonstrate that inhibition of TRAP cannot account 
for the cytotoxicity seen in many of the telomere mim- 
ics (Fig. 7). Our previous studies have demonstrated 
that short telomere mimics are capable of producing 
apoptosis [16]. Hence, the fact these oligomers mimic 
the telomere may be more significant than their ability 
to inhibit telomerase. 

These observations cause us to propose a func- 
tional endogenous role for telomere fragments pro- 
duced in cells. Such fragments may arise as the 
result of oxidative stress which generates superoxide 
anion and hydroxyl radical [39]. The hydroxyl radi- 
cal preferentially generates 8-oxo-G adducts which 
tends to hydrolyze resulting in DNA strand breaks 
[39-42]. Since telomeres contain significant single- 
stranded DNA composed of 50% guanine it would be 
anticipated to generate short oligomer fragments fol- 
lowing oxidative stress. Further, the resulting se- 
quence motif would generate sequences of G n TTAG rt 
where n - 1-3. These sequences would be five to 
nine bases in length or longer if the oxidative insult 
is smaller. We observe the expected sequence motif 
to be most effective in causing cell death in OMA- 
BL-1 cells and inhibiting TRAP. 

Current cancer chemotherapy involves inducing cell 
death through the generation of hydroxyl radicals [40]. 
Telomeric DNA is more sensitive to the damage in- 
duced by selected chemotherapy than chromosomal 
DNA [44]. The cell death observed by the short oli- 
gomers described here may represent mimics of endog- 
enous cell signaling downstream from the oxidative 
stress. The oligomer telomere mimic may represent a 
novel approach to cancer chemotherapy. 
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GLEN RESEARCH CORPORATION 
MATERIAL SAFETY DATA SHEET 



SECTION I: GENERAL INFORMATION 



DMTO-(CH2)2-0-(CH2)2-0-(CH2)2-0 



CATALOG NUMBER(S): 10-1909-XX 



(Pr)2N-P-OCH2CH2CN 



PROPER NAME: 9-O-DIMETHOXYTRITYL- 
TRI ETHYLENE GLYCOL,1-[(2-CYANOETHYL)- 
(N.N-DIISOPROPYL)]- 
PHOSPHORAMIDITE 



COMMON NAME: SPACER PHOSPHORAMIDITE 
9 



CAS NO.: 146668-73-7 



SPACER PHOSPHORAMIDITE 9 



M.W.: 652.77 



FORMULA: C36H49N207P 



SECTION II: HAZARDOUS INGREDIENTS 

Essentially 100%: 9-O-Dimethoxytrityl-triethylene glycol, 1-[(2-cyanoethyl)-(N, N-diisopropyl)]- 
phosphoramidite 

Contains no Metals, Pigments, Catalysts, Vehicle, Coating, Flux 
TLV units: Unknown 



SECTION III: PHYSICAL PROPERTIES 

Appearance: Colorless to light yellow oil 

Odor: None 

Vapor Pressure: N/A 

Boiling Point: Decomposes 

Vapor Density: N/A 

Percent Volatile by Volume : 0 

Specific Gravity: ~1 

Evaporation Rate (H20=1): «1 

Solubility in H20: Insoluble 



SECTION IV: FIRE AND EXPLOSION HAZARD DATA 
Flash Point: N/A 

Extinguishing Media: Class A; Dry Chemical, C02, H20, Foam 
Special Fire Fighting Procedures: None known 
Unusual Fire and Explosion Hazards: None known 



SECTION V: SPECIAL PROTECTION 

Respiratory Protection: Local exhaust is usually sufficient. 

Protective gloves: Impermeable. 

Eye Protection: Laboratory safety glasses. 

Other Protective Equipment: Normal laboratory apparel. 
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SECTION VI: Special PRECAUTIONS 
Avoid all direct contact. 



SECTION VII: REACTIVITY DATA 

Stable Material, hazardous polymerization will not occur. 
Decomposition Products: 

-Toxic oxides of nitrogen may evolve when heated to decomposition. 



SECTION VIII: HEALTH HAZARD DATA 

Threshold limit value: Unknown. 

Overexposure Effects: No data known. 

'Material of unknown toxicity should be handled with care. 

*AII exposure should be minimized. 

Emergency First Aid Procedures: 
Always contact physician. 
Ingestion: 

*Contact physician. 

*Never induce vomiting or give liquids to someone who is unconscious or cannot swallow. 
Eye contact: Flush thoroughly with water. 
Skin contact: Flush thoroughly with water. 



SECTION IX: SPILL AND LEAKAGE PROCEDURES 
If a spill occurs: 

-Wipe with a damp towel and place material in a suitable container for disposal. 
Waste Disposal: Comply with federal, state, and local regulations. 



The information provided herein is based on sources believed to be reliable as of 9/1/2001 and pertains only to 
the 

material designated. Glen Research Corporation makes no warranty or representation to its completeness, 
accuracy, 

or currency. This material is intended for use by persons with pertinent technical skills and at their discretion and 
risk. 

t is the responsibility of the user to determine the product's suitability for its intended use, the product's safe use, 
and the product's proper disposal. Disposal of hazardous material may be subject to federal, state or local laws 
or regulations. 



Ptease contact GlenResearch if you have any questions or comments! 
4/2/2002 12:32:01 | http://www.qlenres.com/ProductFiles/IVISDS/m10-1909.html 
(Click link to bring page out of frameset for bookmarking.) 
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